.l. D. M. GASS Table I Classification of focal developmental anomalies of the retinal pigment epithelium 
II. Combined Retinal Pigment Epithelial and Retinal Hamartoma (CRPE-RH)
These sessile, pigmented, dysplastic tumours that involve the sensory retina and vitreoreti nal interface, as well as the RPE, most fre quently affect the posterior fundus. Varia tions in their morphology, as well as in their clinical presentation are related to their loca tion.
A. Papillary type. Those that involve the optic nerve head are typically discovered in young adults who present because of metamorphopsia caused by retinal striae radiating into the macula from the edge of a slightly elevated mottled pigmented tumour with ill-defined borders involving the optic nerve head and juxtapapillary retina ( an admixture of glial, capillary, and pigment epithelial proliferation and hyper trophy. 3, l0,l1 Cords of RPE cells are insinuated throughout the tumour and extend along the retinal blood vessels and nerve fibre layer. A fibrocellular glial mem brane covers and is intimately connected to the irregular inner surface of the tumour.
B. Non-Papillary type. These tumours that may arise near or peripheral to the optic nerve head are often discovered in infants or children presenting with strabismus and severe monocular amblyopia. They are typi cally slightly elevated, pigmented, ill defined, variable sized lesions that are characterised by retinal thickening, increased number, dilation and tortuosity of the retinal vessels, an overlying epiretinal membrane, and underlying hyperpigmentation of the RPE (Fig. 5 ).2,6,12 ,13 The margins of the pig mented portion of the tumour are feathery and blend imperceptibly into the surrounding normal orange coloured RPE. There is drag ging of the neighbouring retina and retinal a b blood vessels toward the tumour. Unlike the papillary tumours, there is no extension of the RPE into the retinal portion of the tumour. Intraretinal and subretinal exuda tion are occasionally present. Angiography demonstrates the prominent retinal vascular changes and evidence of permeability altera tions within the tumour. Histopathologically, the tumour consists of a fibrocellular mem brane overlying dysplastic retina and hyper trophy of the RPE. There is no RPE exten sion into the dysplastic retina. 14 III. Melanotic Naevi of the Retinal Pigment Epithelium.
A. Solitary Type-Congenital Hypertrophy of the Retinal Pigment Epithelium (CHRPE)
These are typically well demarcated, slightly elevated, dark grey or black, one to two disc diameters size, round or oval, placoid lesions with smooth or scalloped bor ders (Fig. 6) change at one or both ends of the lesion may occur in both eyes of multiple family mem bers with Gardner syndrome, an autosomal dominant disorder characterised by multiple polyps of the intestinal tract, and other anomalies of bone and skin (Fig. 7) . 20, 21, 22 Fluorescein angiography shows obstruc tion of the choroidal fluorescence corres ponding with the pigmented portion of the tumour and hyperfluorescence in the areas of depigmentation, and occasionally may demonstrate alterations in the structure and permeability of the retinal vessels overlying these lesions. 23 Histopathologically these lesions consist of a single layer of enlarged RPE cells filled with round macro melanin granules, thicken- Sharply circumscribed placoid, chalky white lesions of the same size, shape and dis tribution of congenital grouped pigmentation of the RPE rarely may occur in one or both eyes of typically asymptomatic, healthy chil dren or adults (Figs 10, 11, 12, 13) . 2 Biomicroscopically, they appear to lie at the level of the RPE. The lesions may be uniformly thick or may have a dimpled appearance because of greater concentration of the white pigment near their periphery. Choroidal vessels may be visible beneath some hypopigmented lesions. Some melano tic or partly melanotic spots may accompany the albinotic spots (Figs 11, 12 and 15) . In some patients virtually all of the RPE spots contain neither melanin or white pigment (Fig. 14) . The natural co u rse and -histo pathology of these lesions is unknown.
B. Solitary Type-Peripheral Retinal Albinotic Spots; Congenital Hypomelanotic Freckle.
These are solitary, circumscribed, round, white lesions, one-fourth to one disc diame ter in size, usually located in the mid periphery of the fundus at the level of the RPE (Fig. 16) .6, 34 . 3 5 Underlying choroidal vessels are usually visible. Although ophthal moscopically they may be indistinguishable from the advanced atrophic form of CHRPE, histopathologically they differ from the latter lesions in that they consist of an intact non pigmented RPE and normal overlying retina and underlying choroid. Table 2 summarises the findings in ten patients ranging in age from 8 to 57 years. Most were asymptomatic and had normal or near normal acuity in the affected eye. The opposite eye was normal in all patients. Two were children with amblyopia and strabis mus. Other patients, who were asymptoma tic, had evidence of mild amblyopia. A solit ary, circumscribed, nodular, jet-black intraretinal tumour was present in the macu lar region of nine patients and in the nasal juxtapapillary area in one patient (Figs 1,2,3). All but one tumour was one-half to one disc diameter in size. This latter lesion was the smallest and involved the inner half of the retina where it enveloped the overlying retinal vessels. All other lesions appeared to involve the full thickness of the retina and to Fi2. 9. Bilateral widespread congenital grouped pigmentation of the retinal pigment epithelium. extend through the internal limiting mem brane in an umbrella-shaped fashion onto the inner retinal surface. This latter portion of the tumour usually had a brownish-black colour. Several tumours had a few isolated flecks of black pigment on the retinal surface adjacent to the tumour. There was no abnor mality in the RPE and choroid around the base of the lesions. No exudation or haemor rhage was present. Only one of the tumours involved the centre of the macula (Fig. 3) 
II. Combined Retinal Pigment Epithelial and Retinal Hamartoma (CRPE-RH)
In 1984, Dr Karen Senikowich and I reviewed the findings in 35 patients followed one to nineteen years with these lesions at the Bascom Palmer Eye Institute. The race distribution involved 34 whites, and one Oriental. There was no sex predilection. Approximately one-half of the lesions were of the papillary type with the others being equally divided between the macula and the periphery. One patient had a papillary and a peripheral lesion in the same eye. The papil lary lesions were most commonly detected in young adults (mean age of 19 years) who pre sented with recent unilateral loss of vision associated with retinal stria. In several cases, loss of acuity was also associated with intraretinal and subretinal exudation in the papillomacular area (Fig. 4) . Patients with nonpapillary lesions typically presented in childhood (mean age 8 years, youngest patient 11 months) because of strabismus or recently detected visual loss. Most of these lesions were either located in the macular area or in the peripheral fundus and were associated with ectopia of the macula that was dragged toward the tumour. Eight lesions were discovered in asymptomatic patients. One peripheral lesion occurred in a patient with a congenital pit of the optic nerve head in the opposite eye. Follow-up examination in most patients revealed no change in the visual function or the appear ance of the lesion. Four eyes that initially had visual acuity of 20/60 or better declined to levels of 20/100 or worse because of further contraction of the epitumoral membrane. One patient developed haemorrhagic retinal detachment, neovascular glaucoma, and had enucleation of a blind painful eye (Fig 5) . Forty percent of the eyes retained vision of 20/40 or better. The medical and family his tory of most patients was negative. Two patients had had excision of localised facial haemangiomas. Two children had multiple cafe-au-lait spots. one boy had x-linked juvenile retinoschisis. Since that review, I have seen fundus photographs courtesy of Dr Lanning Kline and Dr Millicent L Palmer of two children with von Recklinghausen's dis ease and bilateral combined hamartomas involving the macular areas.
III . Melanotic Naevi a/ the RPE (A.) Solitary type (CHRPE). None of these lesions in patients followed by myself have shown any enlargement. I was able to locate in the Bascom Palmer Eye Institute photo graphic files only one patient whose lesions has shown concentric enlargement which occurred over a period of three years (Fig.  6 ). It showed in addition an increase in the area of fenestrated atrophy. I have seen mul tiple widely scattered, oval, solitary lesions, typical of those seen in Gardner syndrome, in three members of one family, including a thirty year mother, her eight-year-old son, and her ten-year-old daughter.2 A medical evaluation failed to show evidence of intesti nal polyposis or other stigmata of the disease. (B.) Grouped type (CHRPE). Only nine cases of 'bear tracks' are included among the almost 100,000 patients with photographic records at the Bascom Palmer Eye Institute. They ranged in age from 11 to 59 years. There was no apparent relationship between the uniformity and density of pigmentation of the spots and the age of the patient. All but one patient had lesions involving only one eye (Fig. 9) . Three had unusually large lesions (Fig. 8 ). One patient with normal vis ual function had lesions widely scattered throughout the fundi of both eyes (Fig. 9 ).
IV. Albinotic and Non-Pigmented RPE Naevi.
(A.) Grouped type (CASPRE). Grouped albinotic spots were seen in four patients at the Bascom Palmer Eye Institute and in photographs of one patient courtesy of Dr Alvaro Rodriguez (Fig. lOB, Case 14 Table III ). At the time of discovery of the albinotic and non-pigmented spots, all but one of the patients were asymptomatic. The spots were widely scattered in both eyes in three patients and were centred in one quad rant or less in six eyes in five patients (Figs. 10, 11, 12, 13, 14 and 15). Three patients with bilateral involvement showed evidence of black, as well as albinotic spots. In two, only a few black or partly black spots were pre sent. In one 64-year-old patient (Case 15), there was widespread admixture of black and white spots scattered for 3600 in the peripheral fundus of both eyes (Fig. 15) . Small albinotic spots were present in the macular region of five eyes that contained many groups of larger spots peripherally (Figs 11, 12) . Most of the spots appeared to be slightly elevated, chalky white, placoid, subretinal lesions. There was focal narrowing of the major retinal vessels as they coursed over some of the larger lesions (Fig. 11) . Some lesions appeared to be slightly de-pres sed centrally where the lesions were less white (Fig. 11) . Other lesions showed com plete absence of either the stark white col our, or the normal orange colour of the reti nal pigment epithelium, and the underlying choroidal structures were exposed to view (Figs 11 and 14) . Virtually all of the lesions in three children and young adults (Cases 16, 17, 18) appeared to be free of either melanin or white pigment (Fig. 14) . One patient had in addition a solitary partly depigmented CHRPE lesion (Fig. 14) . Fluorescein angiography showed varying degrees of early hyperfluorescence corres ponding with most of the albinotic lesions and no evidence of late staining (Fig. 12) . More densely white lesions showed less transmission of choroidal fluorescence.
In two patients, electroretinographic, elec tro-oculographic, and dark adaptometric findings were normal.
The spots in one 64-year-old patient (Case 15) were initially detected at age 9 years. Unfortunately no photographs were avail able prior to his presentation in Miami com plaining of mild visual loss. His visual acuity was 20/25 OU. In addition to mild cataracts, he had innumerable peripheral albinotic and black spots (Fig. 15) , as well as lar g e irregu lar areas of mild depigmentation of the pig ment epithelium in the macular regions. He refused electro physiologic studies.
An l1-year-old girl (Case 12) with bilateral widespread spots returned at age 14 years because of severe visual loss caused by sub retinal neovascularisation in the left eye (Fig.  13). (B.) Focal Type (CASRPE). While doing gross examination of a fresh autopsy eye of an adult patient, I noted an oval white sub retinal lesion in the peripheral fundus (Fig.  16) . I was surprised to find on his topathologic examination that the lesion was characterised by the presence of a focal area of intact but nonpigmented RPE lying bet ween normal choroid and retina. Unaware that the gross and histopathologic findings in two identical lesions in a 59-year-old and 64-year-old a , dult had been described as 'peripheral albinotic spots,' 34 I labelled the lesion 'congenital amelanotic freckle of the RPE.'2.6 There was no evidence of abnormal material stored in the affectd RPE in. any of these three lesions. Clinically they appear as focal sharply circumscribed nonpigmented or hypopigmented spots by virtue of the absence of the orange coloured melanin in the RPE and the high visibility of the white sclera through the thin peripheral choroid. Large choroidal blood vessels are visible within the lesions. I have seen many such lesions but have been uncertain whether they represented completely depigmented CHRPE or CASPRE lesions. I have not rec ognised a solitary opaquely white CASPRE lesion which obstructed all details of the underlying choroid.
Discussion
The RPE normally grows at a slow rate, yet when challenged, is one of the most reactive of human tissues. These reactions include hyperplasia, hypertrophy, migration, meta plasia, and atrophy. All are found in the cytologic makeup of the developmental lesions of the RPE. It is because of the poten tial for a variety of postnatal injuries to incite reactive RPE changes, which on occasion may simulate a developmental lesion, that the diagnosis of the latter, either clinically or histopathologically is always one of presump tion. This is not unique in regard to the RPE. Similar difficulties are encountered in the case of retinal astrocytic and capillary angiomatous hamartomas. The chance of misdiagnosis is lessened if the lesion: (1) is discovered in childhood, (2) is typical, (3) is unassociated with evidence of other postnatal· disease in the eye, (4) is associated with evi dence of other congenital ocular or systemic defects, (5) shows no growth.
Since none of the ten intraretinal lesions diagnosed clinically in this study as RPEH have been examined histopathologically, their morphology, as well as pathogenesis are still subject to verification. Five of the tumours occurred in patients 16 years or younger. Two had amblyopia and one had a congenital deformity of the optic nerve head in the affected eye. Four patients with extrafoveal lesions had mild loss of vision in the affected eye. I could find no previous report of similar lesions. None of the affected eyes had evidence of changes in the sur rounding RPE and choroid or other evidence of acquired disease. None of the five lesions followed for one to fifteen years has changed. Could the melanocytes within these ocular intraretinal and preretinal tumours be of uveal rather than pigment epithelial origin? Although uveal melanocytomas may have the same features in regard to their colour and extension into the anterior surface of the optic nerve head and juxtapapillary retina, they have not been observed to extend into the full thickness of the retina away from the optic nerve head. Should such extension occur, biomicroscopic evidence of the tumour within the choroid around its base would be expected. If RPEH were a reactive postnatally acquired lesion then we should expect to see its gross morphology duplicated by the many diseases that cause reactive changes in the pigment epithelium. Reactive migration of RPE into the retina occurs under many circumstances associated with loss of the outer retinal receptors, e.g., retmltis pigmentosa, traumatic chorioretinopathy and chronic secondary retinal detachment associated with choroidal tumours, and age-related macular degenera tion. Rarely, however, does it produce a tumefaction of hyperplastic pigment epithelium and when it does, evidence of the underlying disease is present adjacent to the lesions.36 Figure 14 depicts the only example of a pseudoadenomatous proliferation of RPE simulating RPEH that I have seen.
(courtesy of Dr Helmut Buettner). It occur red after photocoagulation of a subretinal neovascular membrane in a patient with the presumed ocular histoplasmosis syndrome.
Several eyes containing black adenomas of the RPE mistaken for uveal melanocytomas and melanomas have been studied his topathologically. 37,38,39,40,41 These lesions were larger than the RPEH lesions in this report, and they were primarily subretinal rather than intra retinal tumours. Although there was a presumption of their recent growth, documentation was usually absent. The histopathologic criteria for distinguish ing neoplastic from reactive RPE tumours are not completely reliable, 41 and there are no reliable histopathologic criteria to distin guish an acquired from a congenital adenoma of the RPE. Therefore, some of the lesions reported as adenomas may have been of developmental origin.
Cardell and Starbuck 3 were the first to suggest the hamartomatous nature of a jux tapapillary tumour that was subsequently included in a broader spectrum of tumours termed, 'combined retinal pigment epithelial and retinal hamartomas.'s , 6 Recent reports have presented further evidence of the hamartomatous nature of these lesions. 8 ,9 . 12. 13 , 1 4 , 4 2, 43 , 44 Laqua and Wessing1 4 objected to use of 'hamartoma' to describe these often slightly elevated lesions. Some, however, may have a more nodular configuration.6, 44 Associated congenital anomalies and disorders have included optic disc colobomata, pits, and drusen; sex-linked juvenile retinoschisis, incontinentia pigmenti, and multiple cafe au lait spotS. 2 , 6, 8 In addition to the four children with evidence of neurofibromatosis men tioned previously, a patient described as hav ing cafe au lait spots of the fundus in associa tion with neurofibromatosis had a CRPE RH in the macula and a large solitary CHRPE in the same eye. 4 S When the pigmented component is mini mal, the papillary CRPE-RH may be dif ficult to distinguish from a juxtapapillary capillary angioma (von Hippel's tumour). Capillary angiomas often do not have an epitumoural membrane, a cardinal feature of CRPE-RH. Capillary angiomas appear to have a greater growth potential than CRPE RH. Although both are developmental capil lary angiomatous lesions, there are no reports of a patient with CRPE-RH and other evidence of von Hippel-Lindau dis ease. A lightly pigmented CRPE-RH may also be simulated by an acquired focal con traction of an epiretinal membrane in response to a variety of retinal vascular inflammatory or other disorders. 4 6 Retinal distortion caused by contraction of the vitreoretinal interface portion of CRPE RH is the primary cause of visual loss. The glial membrane on the tumour surface is intricately woven with the other components of the tumour and attempts at surgical removal are likely to be unsuccessful. 4 7 Hypertrophy of the RPE may be a reactive response to a variety of stimuli. 3 Until histopathologic information becomes available, we can only speculate as to the aature and pathogenesis of the albinotic spots in grouped CASRPE. The biomicros copic and flourescein angiographic findings locate the lesion at the level of the RPE.
Their similar location, size, shape, and dis tribution to that of grouped CHRPE or bear tracks, suggest that they are anatomically and pathogenetic ally related. This is reinforced by their frequent coexistence in the same eye. Their apparent slight elevation and their chalky white colour that obscures underlying choroidal details, suggest that they may con sist of hypertrophied RPE cells which are packed with white pigment, perhaps an abnormal form of melanin or one of its pre cursors, rather than macromelanin granules in the case of its pigmented counterpart. The wide variation in the amount of the white material in these lesions appears greater than that seen in grouped CHRPE. In spite of the apparent thickness and dense whiteness of many of the lesions, most of them transmit some of the background choroidal fluores cence angiographically. Whether the amount of white pigment changes with time is unknown. The fact that in three young patients all of the spots appeared to be free of both melanin and white pigment suggests that their state of nonpigmentation may have been present at birth. The focal narrowing of both retinal arteries and veins as they cross some large white spots suggests that these spots may affect in some way the diffusion of nutrients or metabolites.
Since choroidal neovascularisation is uncommon in children, it is probable that this complication occurred at the site of one of the albinotic lesions being followed in the 14-year-old girl with CASRPE.
The pattern of spots and the fluorescein angiographic changes in CASRPE appears similar to that reported by Kandori in patients with non-familial stationary night blindness, usually manifest only by mild changes in dark adaptation thresholds. 49• 5 o, 51 Unlike CASRPE, the flecks were described as "dirty yellow" rather than white, and the disc-macular areas were not affected, All eight patients with grouped albinotic and non-pigmented RPE naevi included in this report denied nyctalopia and two had normal dark-adaptation studies.
It is tempting to suggest that there is a simi lar histopathogical relationship between the solitary and grouped form of CASRPE as there is in both forms of CHRPE. The limited clinical and histopathological infor mation available concerning solitary albinotic spots suggests that in adults, most are focal areas of translucent non-pigmented RPE cells through which the choroidal vessels and white sclera are readily viewed.6• 34 Of interest is the observation by Dr Richard Green of the same histopathologic findings in a 12-year-old girl with a peripheral albinotic spot (personal communication). The absence of any pigment in the RPE suggests that these solitary lesions may contain neither melanin nor white pigment from birth. Unlike solitary fenestrated CHRPE lesions in which the RPE and outer retinal elements are atrophic or missing in the areas of depigmen tation, the retina, choroid, and non-pig mented RPE in solitary CASRPE are intact. It is unknown whether or not they may have at one time contained white pigment that gradually disappeared. If so, we can expect in the future to identify solitary white lesions with the same biomicroscopic features as the grouped white spots, probably in a child or young adult. There may be some difficulty in differentiating one of these opaque white lesions from a non-pigmented choroidal naevus.
The absence of histopathological evidence of abnormality of either the retina or choroid over these lesions suggests that visual field examination should be helpful in distinguish ing them from the atrophic stage of CHRPE that biomicroscopically appears identical.
Any proposed classification of focal developmental anomalies of the RPE will have to be modified as more is learned con cerning these disorders. In keeping with accepted nomenclature for developmental placoid lesions of the uveal tract, and as a means of simplification, use of the term 'naevus' for all of these placoid lesions of the RPE would seem appropriate, e.g., melano tic, albinotic or nonpigmented RPE naevi, grouped or solitary type.
